Patent 
703716.4001 



SPRCTFTC ATTON 

MULTI SELECTIVE AXIS SPINAL FIXATION SYSTEM 

This application is a continuation-in-part of application Serial No. 10/133,310, filed 
April 24, 2002, the disclosure of which is expressly incorporated herein by reference. 

FI ELD O F THR TNYRNT ION 

The present invention relates generally to apparatus and methods for treating spinal 
disorders, and more particularly to spinal fixation systems that may be secured between adjacent 
anchor screw assemblies, and methods for stabilizing, adjusting, or otherwise fixing adjacent 
vertebrae using such spinal fixation systems. 

RAn^rxROTTNn of THF TNVRNTTnM 
Various systems and methods have been suggested for treating spinal disorders, such as 
degenerative discs, stenosis, trauma, scoliosis, kyphosis, or spondylolisthesis. For example, U.S. 
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Patent No. 5,545,166, discloses a spinal fixation system that includes a plurality of anchor 
screws, clamp assemblies, pivot blocks, clamp blocks, and rods that are implanted along a 
patient's spine to fix two or more adjacent vertebrae relative to one another. The system 
generally includes a swing bolt anchor screw, a pivot block receivable on the swing bolt, and a 
5 clamp block receiving a rod therethrough that is pivotally attachable to the pivot block, ha 
addition, the system includes one or more fixed anchor screws, and clamp assemblies for 
receiving the rod therein. The clamp assemblies and pivot block are receivable on the anchor 
screws by spindles that thread along a threaded portion of the anchor screws. 

During use, vertebrae to be treated are surgically exposed, and an arrangement of anchor 

1 0 screws and clamp accessories are selected. For example, a fixed anchor screw may be screwed 
.into each of the vertebrae on either side of a first vertebra. A rod is selected that may extend 
between the fixed anchor screws and that may be bent to conform to the shape of the anatomy 
encountered. The rod is inserted through a loose clamp block, and the rod is placed in clamp 
assemblies that are received over the fixed anchor screws. 

15 A swing bolt anchor screw is then screwed into the fu:st vertebra adjacent the rod, and a 

pivot block is received on the swing bolt screw. The clamp block and/or pivot block are adjusted 
such that the clamp block may be engaged with a pivot on the pivot block. A set screw may then 
be screwed into the clamp block to secure the clamp block to the pivot. A pair of set screws are 
also screwed into the clamp block to secure the rod within the clamp block. Preferably, a pair of 

20 such systems are implanted on either side of the vertebrae. 
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During the procedure, it may be desirable to adjust the vertebrae relative to one another. 
Once the system(s) is(are) connected as described above, the set screws may be loosened and the 
rod(s), clamp block(s), and/or pivot block(s) may be adjusted, e.g., by moving the spindle(s) to 
adjust the height of the pivot block(s) and/or clamp assemblies on the anchor screws, by pivoting 
5 the swing bolt anchor screw(s), and/or pivoting the clamp block(s) relative to the pivot block(s). 
Once the vertebrae have been moved into a desired position, the set screws may be tightened, and 
the spindles secured in position by crimping the walls surrounding the spindles. 

An advantage of this system is that the swing bolt anchor screw, pivot block, and clamp 
block arrangement allows the system to be adjusted about two axes, i.e., the axis of the swing 
1 0 boh anchor screw and the axis of the pivot on the pivot block. However, because the system of 
the '166 patent is polyaxial, i.e., may pivot about multiple axes, there is greater risk of the system 
coming out of alignment when the patient resumes normal physical activity. 

This system is also very complicated, involving six parts, including three set screws, that 
are mounted on each swing bolt anchor screw. In addition, because the swing bolt is threaded, an 
1 5 intricate spindle device is required in order to allow the pivot block and clamp assemblies to be 
threaded onto the swing bolt, and still control their orientation about the axis of the swing bolt. 
Thus, because of its complexity and many intricate parts, this system may be expensive to 
manufacture and/or difficult to implant. 

Accordingly, apparatus and methods for stabilizing, adjusting, and/or fixing vertebrae 
20 would be considered useful. 
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STTMMARV OF THF TNVFNTTON 

The present invention is directed to spinal fixation systems that may be secured between adjacent 
anchor screw assembles, e.g., to rods extending between the anchor screw assembUes, and to 
methods for stabilizing, adjusting, or otherwise fixing adjacent vertebrae using such spinal 
fixation systems. 

In accordance with one aspect of the present invention, a spinal fixation system is 
provided that includes a first anchor screw assembly including a first passage and a first screw, 
the first screw having a threaded portion configured to be screwed into a first vertebra,, and a 
second anchor screw assembly including a second passage and a second screw, the second screw 
having a threaded portion configured to be screwed into a second vertebra adjacent the first 
vertebra. In an exemplary embodiment, one or both of the anchor screw assemblies may include 
a saddle or clamp assembly receivable on the respective screw, each saddle assembly including a 
rod passage therethrough defining the first and second passages. Preferably, the saddle 
assemblies include upper and lower saddles or clamp portions that may together define the rod 
passage. 

A rod or other elongate member is receivable in the first and second passages, the 
elongate member including an exposed portion extending between the first and second anchor 
screw assemblies. A spacer is securable on the exposed portion of the elongate member, the 
spacer having a length substantially similar to a length of the exposed portion of the elongate 
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member for preventing the first and second anchor screw assemblies from moving towards one 
another. 

In accordance with another aspect of the present invention, a kit is provided for 
stabiUzing vertebrae relative to one another. Generally, the kit includes one or more substantially 
5 rigid rods, and a plurality of "C" shaped spacers having a plurality of lengths, the spacers 
including opposing edges defining a pocket therebetween for receiving the one or more rods 
therein. The kit may also include a plurality of anchor screw assemblies, the anchor screw 
assemblies including anchor screws and a plurality of clamp assemblies for receiving the one or 
more rods therein. 

1 0 Optionally, the kit may also include a tool for crimping at least a portion of the opposing edges of 
the spacers around the one or more rods to secure the spacers to the rods. In another option, the 
kit may include an apparatus for bending the one or more rods, e.g., to conform substantially to a 
natural curvature of a patient's spinal column being treated. 

In accordance with still another aspect of the present invention, a method is provided for 

1 5 stabilizing vertebrae relative to one another, the vertebrae being disposed adjacent one another 
along a central spinal axis. A first anchor screw may be screwed into a first vertebra, and a 
second anchor screw may be screwed into a second vertebra adjacent the first vertebra. A rod or 
other elongate member may be secured between the first and second anchor screws, e.g., using 
clamp assemblies, thereby fixing a relative distance of the first and second vertebrae. 
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A spacer, e.g., a "C" shaped clip, may be secured or otherwise placed on the elongate 
member, e.g., by crimping the spacer around the elongate member. Preferably, the spacer 
extends substantially an entire length of the elongate member that is exposed between the first 
and the second anchor screws to prevent the first and second anchor fi^om moving towards one 
another. For example, the spacer may abut clamp assemblies on the first and second anchor 
screws, thereby preventing the clamp assemblies, and consequently the anchor screws, fi-om 
moving substantially towards one another. One or both of the clamp assemblies may have a 
tapered side portion to enhance abutment of the spacer and the clamp assemblies if the elongate 
member is bent, e.g., to conform to the natural curvature of the anatomy encountered. 

In accordance with yet another aspect of the present invention, an anchor screw assembly 
is provided that includes a screw having a first threaded portion, and a second head portion. A 
swing bolt is pivotally coupled to the second portion of the screw. The swing bolt defines a first 
axis, and includes a noncircular region extending along the first axis, the noncircular region 
having a noncircular cross-section and a substantially smooth wall. In addition, the swing bolt 
may include a threaded region on its end opposite the screw. 

A clamp assembly may be provided that includes first and second clamp portions that are 
receivable on the swing bolt. Each clamp portion has a noncircular first passage therethrough for 
receiving the noncircular region of the swing bolt therethrough. Thus, the noncircular region and 
the first passage have like cross-sections, thereby preventing rotation of the clamp assembly with 
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respect to the swing bolt about the first axis when the noncircular region of the swing boh is 
received in the first passages. 

In addition, the first and second clamp portions have cooperating grooves therein, the 
cooperating grooves together defining a second passage extending along a second axis 
5 substantially transversely to the first axis when the first and second clamp portions are received 
on the swing bolt. 

A fastener, e.g., a nut, is also provided for securing the clamp assembly on the swing bolt, 
e.g., that may be threaded onto the threaded region of the swing bolt to secure the clamp 
assembly on the swing bolt. In a preferred embodiment, the second portion of the screw includes 
10 a shoulder, and the clamp assembly may substantially engage the shoulder when the clamp 

assembly is fiiUy secured on the swing bolt, thereby preventing the swing bolt from pivoting with 
respect to the screw. 

In accordance with still another aspect of the present invention, a spinal fixation system is 
provided that includes a first anchor screw assembly, such as that described above. The first 

1 5 anchor screw assembly includes a first screw having a threaded portion, and a swing boh 

pivotally coupled to the screw and including a noncircular region. The spinal fixation system 
also includes a plurality of clamp assembhes, including a first passage for receiving the first 
swing bolt therethrough, and a second passage for receiving an elongate member, e.g., a 
substantially rigid rod, therethrough. The dimensions of each clamp assembly may be different, 

20 e.g., including a second passage that is at one of a plurality of distances from the first passage 
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and/or that is oriented at a predetermined angle along the clamp assembly. A fastener may be 
used for securing a selected clamp assembly on the swing bolt. Thus, when the selected clamp 
assembly is received on the first swing bolt, the first clamp assembly is fixed in a predetermined 
orientation with respect to a first pivot axis of the first swing bolt. 
5 The spinal fixation system also includes a second anchor screw assembly including a 

second screw having a threaded portion and a hub, and a second selected clamp assembly 
receivable on the hub. The second screw may be a fixed screw or, preferably, a swing bolt 
anchor screw, similar to that described above. The second clamp assembly includes a third 
passage therethrough along a third axis. The second screw assembly may be oriented, when 

1 0 implanted, such that the third axis is substantially transverse to the first axis. Optionally, 
additional anchor screw assemblies may also be provided. 

In accordance with another aspect of the present invention, a method is provided for 
simple alignment or otherwise stabilizing vertebrae relative to one another using a plurality of 
swing bolt anchor screw assemblies, such as those described above. A threaded portion of a first 

1 5 swing bolt anchor screw is screwed into a first vertebra until a first pivot axis of the first swing 
bolt anchor screw is generally parallel to the spinal axis. A threaded portion of a second swing 
boh anchor screw is screwed into a second vertebra adjacent the first vertebra until a second 
pivot axis of the second swing bolt anchor screw is substantially transverse to the first pivot axis. 
If desired, a third anchor screw (or more) may be screwed into other vertebra adjacent to the first 

20 vertebra. 

DOCSOC1:142796.1 o 



Patent 
703716.4001 



An angle of one or more swing bolts on the first and second swing bolt anchor screws 
may be adjusted about the first and second pivot axes. Lower clamp portions may be placed on 
the swing bolts of the first and second swing bolt anchor screws, either before or after the angle 
adjustments described above. A rod may be placed on the lower clamp portions, e.g., when the 
5 grooves in the lower clamp portions have been properly aligned with one another. Thus, the rod 
may extend between the first and second anchor screws, and between any additional anchor 
screws . added generally in a straight line. In addition, if desired, the rod may be bent, e.g., in a 
single plane, to a predetermined configuration based upon anatomy encountered before securing 
the rod on the swing bolts. 

1 0 Upper clamp portions may be secured on the swing boUs of the first and second swing 

bolt anchor screws, thereby securing the rod between the upper and lower clamp portions. For 
example, a nut or other fastener may be threaded onto the swing bolt after the upper md lower 
clamp portions, thereby securing the rod between the upper and lower clamp portions and/or 
securing the clamp assemblies on the swing bolts. These fasteners may also be loosened to allow 

1 5 adjustment of the vertebrae relative to one another, and then the fasteners may again be tightened 
to fix the vertebrae in desired relative positions. Optionally, a spacer, such as that described 
above, may be secured between the clamp assemblies to prevent movement of the swing bolts 
towards one another. 

Other objects and features of the present invention will become apparent fi-om 

20 consideration of the following description taken in conjunction with the accompanying drawings. 
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RRTFP DF^^rPTPTTON OF TNF. PR AWTNGS 
FIG. 1 A is an exploded side view of a spinal fixation system, in accordance with the 
present invention. 

FIG. IB is a side view of the system of FIG. 1 A implanted to stabilize a pluraUty of 
5 vertebrae. 

FIG. 2A is a perspective view of a spacer clip, in accordance with the present invention. 

FIG. 2B is a side view of a crimping tool for use with the spacer clip of FIG. 2 A. 

FIG. 3 A is a perspective view of an embodiment of an anchor screw assembly, in 
accordance with the present invention. 
1 0 FIG. 3B is an exploded perspective view of the anchor screw assembly of FIG. 3 A. 

FIGS. 4A and 4B are perspective and side views, respectively, of a screw for the anchor 
screw assembly of FIGS. 3 A and 3B. 

FIGS. 5A-5C are perspective and first and second side views, respectively, of a swing 
bolt for the anchor screw assembly of FIGS. 3 A and 3B. 
1 5 FIGS. 6A-6C are perspective and first and second side views, respectively, of an 

assembled screw and swing bolt for the anchor screw assembly of FIGS. 3 A and 3B. 

FIGS. 7A-7C are perspective and first and second side views, respectively, of a first 
embodiment of a lower clamp portion for a clamp assembly, in accordance with the present 
invention. 



D0CS0C1: 142796.1 



10 



Patent 
703716.4001 



FIGS. 8A-8C are perspective and first and second side views, respectively, of a first 
embodiment of an upper clamp portion for a clamp assembly, in accordance with the present 
invention. 

FIGS. 9A-9E are perspective views of alternative embodiments of a lower clamp portion, 
in accordance with the present invention. 

FIGS. lOA-lOE are perspective views of alternative embodiments of an upper clamp 
portion, in accordance with the present invention. 

FIGS. 1 1 A and 1 IB are perspective and side views, respectively, of another embodiment 
of an anchor screw, in accordance with the present invention. 

FIGS, 12A-12C show a spinal fixation system being implanted between vertebrae of a 
patient, in accordance with the present invention. 

FIG. 13 shows a pair of spinal fixation systems implanted along a patient's spine, in 
accordance with the present invention. 

FIG. 14 is a perspective view of another preferred embodiment of an anchor screw 
assembly, in accordance with the present invention. 

FIGS. 15A and 15B are top and front views, respectively, of an upper clamp portion for 
use with the anchor screw assembly of FIG. 14. 

FIG. 15C is a front view of an altemative embodiment of an upper clamp portion for use 
with the anchor screw assembly of FIG. 14. 
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Figs. 16 through 19 are similar views of a particularly preferred multi-axial or selective 
axial embodiment of the swing anchor screw assembly, and Fig.s 20-21 illustrate altemative 
clamp assemblies for use therewith. 

DFTAn.ED DRSCT^TPTTON 

Turning now to the drawings, FIGS. 1 A and IB show a preferred embodiment of a spinal 
fixation system 8, in accordance with the present invention. Generally, the system 8 includes a 
plurality of anchor screw assemblies, 10, a rod 86 securable between the anchor screw assembUes 
10, and one or more spacer clips 90 securable to the rod 86. All of the components of the system 
8 may be made from a variety of biocompatible materials, e.g., metals, and preferably from 
titanium or alloys including titanium. 

The rod 86 may be a substantially rigid elongate member, e.g., a solid rod, having a 
generally round cross-section. Optionally, the rod 86 has one or more flattened regions (not 
shown) extending between ends 88 of the rod 86. For example, the rod 86 may include opposing 
flattened regions (not shown), thereby defining a flattened elliptical cross-section. Optionally, 
the rod 86 may include serrations or teeth (not shown) extending between the ends 88, which 
may facilitate securing the rod 86 to the anchor screw assembUes 10. 

The rod 86 may be substantially straight initially (not shown), and may be bent and/or 
curved during a procedure, e.g., to conform to the natural curvature or lordosis of the anatomy 
encountered, as shown in FIG. 1 A, and as described further below. The rod 86 is sufficiently 
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rigid, however, such that, once bent, the rod 86 may substantially retain its bent shape when 
subjected to forces experienced during normal activity of a patient, as will be appreciated by 
those skilled in the art. 

Turning to FIG. 2A, a spacer clip 90 is shown that may be secured to the rod 86. 
5 Generally, the clip 90 is a "C" shaped member including opposing edges 91 defining a pocket 92 
that extends between ends 94 of the clip 90. The pocket 92 has a cross-section that is larger than 
the rod 86 such that the clip 90 may be received at least partially around the rod 86. The clip 90 
may be malleable such that a tool, such as the crimping tool 95 shown in FIG. 2B, may be used to 
crimp or otherwise compress at least portions of the opposing edges 91 aroxmd the rod 86 after 

1 0 the clip 90 has been placed on the rod 86 to secure the clip 90 to the rod 86. 

A variety of clips may be provided, e.g., having standard lengths "L" and/or cross- 
sections. For example, a set of clips (not shown) may be provided that have lengths from about 
one to about three centimeters (1-3 cm), e.g., at 0.125 centimeter intervals. The ends 94 of the 
clip 90 are preferably substantially square, although altematively, they may be tapered, e.g., such 

1 5 that the length of the clip as measured along the edges 91 is greater than the length as measured 
from the bottom of the pocket 92 (not shown). 

Tuming to FIGS. 3-8, each of the anchor screw assemblies 10 includes a screw 12, a 
swing bolt 14 pivotally coupled to the screw 12 to provide an anchor screw 15, and a clamp 
assembly 16 securably received on the swing bolt 14, as shown in FIGS. 3A and 3B. 

20 Altematively, other anchor screw assemblies may be used to provide a system in accordance with 
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the present invention. For example, a rigid anchor screw 90, such as that shown in FIGS. 1 1 A 
and 1 IB, may be used instead of an anchor screw 15 including a swing bolt 14. In a further 
alternative, other anchor screw assemblies may be used, e.g., including saddle or clamp 
assembUes mounted on screw bolts, such as those disclosed in U.S. Patent Nos. 4,653,481, 
5,487,744, and 5,545,166, the disclosures of which are expressly incorporated herein by 
reference. Thus, any known anchor screw assemblies may be used, although the anchor screw 
assemblies shown and described herein may be particularly advantageous. 

Tuming to FIGS. 4 A and 4B, the screw 12 of the anchor screw 15 generally includes a 
first threaded portion 20 terminating in a tip 22, and a second head portion 24 opposite the tip 22. 
The threaded portion 20 may include a heUcal thread 21 defining a thread pattern, preferably 
configured for substantially securing the screw 12 into bone, such as a portion of a vertebra (not 
shown). The thread spacing may be between about three to six threads per centimeter (3-6 
threads/cm), and preferably about 4.8 threads per centimeter (about 12 threads per inch). The 
thread spacing may be substantially constant between the tip 22 and the head portion 24 or may 
vary along the length of the threaded portion 20. 

The leading and trailing edges of axially adjacent portions of the thread 21 may define an 
inclusive angle "a" between them of between about twenty to forty degrees (20-40°), and 
preferably about thirty degrees (30°), Preferably, each thread 21 is rounded or tapers outwardly 
fi"om the root diameter to the major diameter of the thread 21, such that the leading and trailing 
edges on either side of a portion of the thread 21 define tangent lines that intersect one another 
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adjacent the outer edge of the respective portion of the thread 21 . The thread 21 may have a 
height of between about 0.50-3.00 millimeters, and preferably between about 0.60-2.00 
millimeters. 

The threaded portion 20 may have desired dimensions to accommodate threading into 
bone, such as a vertebra (not shown). For example, the threaded portion 20 may have an outer 
diameter between about 3.5-8.5 millimeters, preferably between about 5.8-8.5 millimeters, and a 
length between about 25-65 millimeters, and preferably between about 35-65 millimeters. The 
threaded portion 20 may have a substantially uniform major and minor diameter along its length. 
Alternatively, the threaded portion 20 may have a taper, e.g., reducing in minor and/or major 
diameter from the head portion 24 towards the tip 22. The thread 21 may have a substantially 
uniform height, or may become increasingly higher from the head portion 24 towards the tip 22, 
e.g., if the threaded portion 20 is tapered, to provide a substantially uniform outer diameter for 
the threaded portion 20. 

In addition, the threaded portion 20 may include a pull-out portion 21 A, which may 
facilitate manufacturing of the anchor screw 12 and/or may improve engagement of the screw 12 
with bone into which the screw 12 is threaded. Other thread pattems and screw designs may also 
be used for an anchor screw assembly in accordance with the present invention, as found in U.S. 
Patent Nos. 4,854,31 1, 5,034,01 1, and 5,226,766, the disclosures of which are expressly 
incorporated herein by reference. 
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The head portion 24 generally has a cross-section larger than the threaded portion 20 and 
includes a full-radius shoulder 28 opposite the threaded portion 20. The shoulder 28 includes a 
predetermined radius about a pivot axis 35 to facilitate pivoting of the swing bolt 14 and/or the 
clamp assembly 16 (shown in FIGS. 3 A and 3B) with respect to the head portion 24, as explained 
5 further below. The head portion 24 includes a slot 30 therein extending generally parallel to a 
longitudinal axis 32 of the screw 12, thereby dividing the head portion 24 into ears 26. Pin holes 
34 extend through the ears 26 along the pivot.axis 35, i.e., substantially perpendicular to the 
longitudinal axis 32. 

Turning to FIGS. 5A-5C, the swing bolt 14 includes an elongate body 34 including a first 
1 0 looped region 36, a second noncircular intermediate region 38, and a third threaded region 40 
generally opposite the looped region 36. The looped region 36 may be substantially narrower 
than the other regions of the swing bolt 14, i.e., having a width slightly smaller than a width of 
the slot 30 in the screw 12 such that the looped region 36 may be received in the slot 30 between 
the ears 26, as shown in FIGS. 6A-6C. The looped region 36 has a pin hole 37 therethrough that 
1 5 extends substantially perpendicular to the longitudinal axis 32. 

The noncircular region 38 of the swing bolt 14 is preferably substantially smooth- walled 
and has a noncircular cross-section, preferably for slidably receiving the clamp assembly 16 
thereon (as shown in FIGS. 3 A and 3B), while preventing rotation of the clamp assembly 16 
about longitudinal axis 33. In the embodiment shown in FIGS. 5A-5C, one or more flat walls 42, 
20 and preferably two opposing flat walls, are formed along the intermediate region 38. Thus, the 
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cross-section may define a flattened elliptical shape, a "D" shape. Alternatively, other shapes 
maybe used, such as a hexagon, a square, a star, or other noncircular geometric shape. 

As shown in FIGS. 6A-6C, the looped region 36 of the swing bolt 14 may be received in 
the slot 30 of the head portion 24, and a pin 44 may be received through the pin holes 34, 37 to 
5 provide anchor screw 15. The pin 44 may fix the swing bolt 14 to the screw 12, while allowing 
the swing bolt 14 and screw 12 to pivot with respect to one another such that the longitudinal 
axes 32, 33 intersect, but define an angle "theta" greater than zero degrees, as shown in phantom 
in FIG. 6B. 

Tuming to FIGS. 7A-8C, the clamp assembly 16 (shown in FIGS. 3 A and 3B) generally includes 
10 a first lower clamp portion 52 and a second upper clamp portion 72. The lower and upper clamp 
portions 52, 72 have noncircular bolt passages 54, 74 that extend entirely through them between 
lower surfaces 56, 76 and upper surfaces 58, 78, respectively, thereby defining a first axis 60. 
The bolt passages 54, 74 preferably have a cross-section similar to the cross-section of the 
noncircular region 42 of the swing bolt 14 (see FIGS. 3B, 5A, 5B, 6A, and 6B). Thus, the bolt 
1 5 passages 54, 74 may accommodate receiving the swing boh 14 therethrough, while preventing 
rotation of the clamp assembly 16 on the swing bolt 14, as explained fiirther below. 

In addition, the lower and upper clamp portions 52, 72 have generally semi-cylindrical 
grooves 62, 82 therein that cooperate with one another when the clamp assembly 16 is assembled 
to define a rod passage 64, as shown in FIG. 3 A. The rod passage 64 generally extends along a 
20 second axis 66 that is transverse to, and preferably substantially perpendicular to, the first axis 
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60. In the embodiment shown, the second axis 66 is also substantially perpendicular to a third 
axis 70 that extends along a length of the lower clamp portion 52 substantially perpendicular to 
both the first and second axes 60, 66 (thus, the three axes 60, 66, 70 may be orthogonal to one 
another). The rod passage 64 has a cross-section similar to a rod 86 (not shown, see FIG. 1 A) 
5 that may be received therein. For example, the cross-section may be generally circular, but 
optionally may be noncircular, e.g., circular with one or more flattened walls, such as wall 83 
shown in the upper clamp portion 72 in FIGS. 8B and SC. Altematively, as shown in FIG. 3 A, 
the rod passage 64 may have other geometric shapes, similar to the bolt passages 54, 74, 
described above. In a further altemative, one or both of the grooves 62, 82 may include teeth or 
1 0 other serrations (not shown) for enhancing engagement with the rod received in the rod passage 
64 (shown in FIG. 3 A), either alone or in combination with one of the cross-sections described 
above. Exemplary serrations are shown in U.S. Patent Nos. 4,653,481 and 5,545,164, the 
disclosures of which are expressly incorporated herein by reference. 

With particular reference to FIGS. 8A-8C, the groove 82 in the upper clamp portion 72 extends 
1 5 along the lower surface 76. The upper surface 78 may be recessed aroimd the bolt passage 74, 
thereby accommodating a fastener (not shown) thereon, while minimizing the profile of the 
resulting clamp assembly. For example, the groove 82 may define a hump 79 opposite the lower 
surface 76, which may be higher than the upper surface 78. The hump 79 may have a height 
similar to a nut or other fastener (not shown) that may be attached to a swing bolt (also not 
20 shown) that is inserted through the bolt passage 74. Thus, when a fastener 18 (not shown, see 
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FIG. 3 A) engages the upper surface 78, the upper surface of the fastener 18 may define a height 
similar to the hump 79 (also as shown in FIG. 3 A), thereby substantially minimizing a profile of 
the anchor screw assembly and/or reducing tissue irritation. 

Returning to FIGS. 8A-8C, side edges 84 of the upper clamp portion may be substantially 
square with the lower surface 76, i.e., the side edges 84 may extend substantially parallel to the 
first axis 60. Alternatively, as shown in FIGS. 15A and 15B, the side edges 84' may be tapered. 
For example, the side edges 84' of the upper clamp portion 72' may taper inwardly towards the 
hump 79' such that they define an angle A between about one and twenty degrees (1-20°) with 
the first axis 60,' and preferably about ten degrees (10^). Such a taper may be machined into the 
side edges 84' or formed using other known methods. 

Altematively, as shown in FIG. 15C, instead of tapering the side edges 84, the side edges 
84 may be substantially square, and a spot face, recess, or notch 85" may be formed aroimd the 
groove 82," e.g., by spot facing the side edges 84." These tapered or recessed features may 
enhance abutment with ends 94 of the spacer clip 90 despite the natural curvature or lordosis of a 
spinal coluriin (not shown) when the spacer clip 90 is secured to a curved rod 86 (not shown, see 
FIGS, 1 A and IB), as explained further below. 

Turning to FIGS. 7A-7C, the groove 62 in the lower clamp portion 52 extends along the 
upper surface 58. In addition, the lower clamp portion 62 also includes a recess 68 in the lower 
surface 56 that intersects the bolt passage 54. The recess 68 preferably has a radius of curvature 
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similar to the shoulder 28 on the head portion 24 of the screw 12 (see FIGS. 6A-6C), as 
explained further below. 

Returning to FIGS. 3 A, 3B, 7C, and 8C, the lower surface 76 of the upper clamp portion 
72 and the upper surface 58 of the lower clamp portion 52 are substantially flat such that the 
5 lower and upper clamp portions 52, 72 may substantially abut one another to provide the rod 
passage 64. Alternatively, the upper and lower surfaces 58, 76 may include mating segments, 
e.g., cooperating tabs and slots or other male/female connectors (not shown), that may positively 
engage one another when the lower and upper clamp portions 52, 72 are disposed in the proper 
orientation. 

1 0 The clamp assembly 16 may be received on the swing boU 14, e.g., by orienting the clamp 

assembly 16 such that the bolt passages 54, 74 are properly ahgned with the noncircular region of 
the swing bolt 14. The lower clamp portion 52 may be directed over the swing bolt 14 and then 
the upper clamp portion 72 may be received over the swing bolt 14, i.e., through the bolt 
passages 54, 74, respectively. A fastener, e.g., nut 18, may be threaded onto the threaded region 

15 40 of the swing bolt 14 until it engages upper surface 78 of the upper clamp portion 72, thereby 
forcing the clamp assembly 16 towards the head portion 24 of the screw 12. Consequently, the 
lower clamp portion 52 may abut the head portion 24 such that the shoulder 28 is received in the 
recess 68 in the lower surface 56. 

Preferably, because of the mating shapes of the shoulder 28 and recess 68, the lower 

20 clamp portion 52 may slide along the shoulder 28 as the swing bolt 14 is pivoted with respect to 
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the screw 12. Once a desired angle is obtained, the nut 18 may be further tightened until the wall 
of the recess 68 frictionally engages the shoulder 28, thereby substantially securing the swing 
bolt 14 at the desired angle relative to the screw 12. 

Turning to FIGS. 9A-10E, several alternative embodiments of lower and upper clamp 
5 portions are shown that together may provide clamp assemblies that may be received over the 
screw assembly 15 of FIGS. 6A-6C. For example, the lower and upper clamp portions 152, 172 
shown in FIGS. 9 A and lOA are generally similar to that shown in FIGS. 7 A and 8 A, except that 
the flat regions 155, 175 of the bolt passages 154, 174 and the recess 168 are offset ninety 
degrees from the previous embodiment. The resulting clamp assembly (not shown) may be 
1 0 mounted similar to the previous embodiment, but offset ninety degrees with respect to the anchor 
screw (not shown). 

Turning to FIGS. 9B and lOB, another set of lower and upper clamp portions 252, 272 are 
shown that are similar to the embodiments of FIGS. 9A and lOA, except that the grooves 262, 
282 are located fiirther away from the bolt passages 254, 274 along the third axis 270. The 
1 5 resulting clamp assembly from these embodiments may be mounted on the anchor screw similar 
to the previous embodiment with the shoulder 28 of the screw 12 being received in the recess 
268. A rod (not shown) received in the resulting rod passage, however, will be disposed further 
from the anchor screw than the previous embodiment. 

Turning to FIGS. 9C and IOC, yet another set of lower and upper clamp portions 352, 372 
20 are shown that are similar to the embodiments of FIGS. 9 A and lOA, except that the bolt 
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passages 354, 374 have an elongated elliptical shape extending along the third axis 370. In 
addition, the lower surface 356 of the lower clamp portion 352 includes adjacent recesses 368, 
369 that intersect the bolt passage 354 and may overlap one another. The resulting clamp 
assembly from this embodiment may be secured to the anchor screw such that either of the 
5 recesses 368, 369 slidably engages the shoulder of the screw (not shown), thereby allowing a rod 
(also not shown) received in the rod passage to be disposed at two possible locations, e.g., 
distances, relative to the anchor screw. Optionally, more than two recesses (not shown) may be 
provided, thereby allowing the rod passage to be disposed at muUiple distances from the anchor 
screw. 

1 0 Turning to FIGS. 9D and lOD, still another set of lower and upper clamp portions 452, 

472 are shown that are similar to the embodiments of FIGS. 7A and 8A, except that the grooves 
462, 482 and recess 468 are aligned such that the second axis 466 defines an angle "p" with the 
third axis 470. Preferably, the angle "p" is between about ten and seventy degrees (10-75°), and 
more preferably between about thirty and forty five degrees (30-45"^). In addition, the flattened 

1 5 wall regions 455, 475 are aligned substantially parallel to the second axis 466, thereby also 
defining an angle "p" with respect to the third axis 470. 

Tuming to FIGS. 9E and lOE, another set of lower and upper clamp portions 552, 572 are 
shown that are similar to the embodiments of FIGS. 9D and lOD, except that the bolt passages 
554, 574, recess 568, and grooves 562, 582 are mirror opposites or opposite-hand of those in the 

20 previous embodiment. Thus, it will be appreciated by those skilled in the art that a variety of 



DOCSOC1:142796.1 



Patent 
703716.4001 



clamp assemblies may be providing including a range of dimensions, e.g., lengths, thicknesses, 
"P" angles, and the like, in any combination or subcombination of the features described above. 

Turning to FIGS. 1 1 A and 1 IB, another embodiment of an anchor screw 90 is shown that 
includes a threaded portion 92 terminating in a tip 93, and an enlarged head portion 94 including 
a noncircular region 96 and a threaded region 98 opposite the tip 93. The threaded portion 92 
may include any of the features and/or dimensions described above for the anchor screw 12 of 
FIGS. 4A-4C, e.g., thread pattem, outer diameter, taper, and the like. The threaded region 98 
may receive a fastener, such as the nut described above (not shown), e.g., to substantially secure 
a clamp assembly (also not shown) on the noncircular region 96, similar to the embodiment 
described above. Thus, the anchor screw 90 may receive any of the clamp assemblies described 
above. 

To select a system 8, such as that shown in FIGS. 1 A and IB, a kit may be provided (not 
shown). The kit may include a plurality of anchor screws, clamp assemblies, and fasteners that 
may be selected based upon the specific vertebrae being treated and/or based upon the anatomy 
encountered. Each anchor screw assembly may include an anchor screw, e.g., a pivoting or fixed 
anchor screw, and one or more clamp assemblies. For example, a plurahty of upper and lower 
clamp assemblies may be provided, having different dimensions, as described above. An 
appropriate pair, corresponding to the patient anatomy encountered, may be selected for each 
anchor screw. 
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One or more rods may be provided, and an apparatus (not shown) may be provided for 
bending the rod(s) in a desired configuration during a procedure. Finally, a plurality of spacer 
clips may be provided, e.g., having different lengths, as described above, and a tool, e.g., a 
crimper or pliers, may be provided for crimping the spacer clip. Thus, a system in accordance 
with the present invention provides a modularity that may easily accommodate a variety of 
anatomy and patients. 

Turning to FIGS. 12A-12C and 13, an exemplary system 1000 is shown that includes a 
pair of rods 1002 that are each implanted along a spinal column using three swing bolt anchor 
screws 1010-1014 and three clamp assemblies, 1016-1020. Alternatively, one or more of the 
swing bolt anchor screws, such as the outside anchor screws 1010, 1014, may be replaced with 
nonpivoting anchor screws (such as that shown in FIGS. 1 1 A and 1 IB). In a further ahemative, 
fewer or additional anchor screws may be implanted, e.g., to secure a shorter or longer rod and/or 
to fix fewer or additional vertebrae. 

Preferably, the rods 1002 are implanted generally parallel to the central spinal axis on 
either side of the spinous processes 902, as shown in FIG. 13. The system 1000 may be used to 
provide adjustment of the vertebrae, e.g., to allow vertical or horizontal, medial or lateral 
adjustment. Although an implantation procedure for only one rod 1002 is described below, it 
will be appreciated that a second rod (or even additional rods) may be implanted using a similar 
procedure. 
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Turning first to FIG. 12A, the vertebrae, e.g., vertebrae 910, 920, 930, to be stabilized are 
exposed, e.g., using conventional surgical procedures. The anchor screws 1010-1014 are 
screwed into the vertebrae 910-930, respectively, e.g., into the pedicles. Preferably, the anchor 
screws 1010-1014 are screwed in sufficiently to provide a predetermined pivot axis with respect 
5 to a centerUne spinal axis of the patient. For example, the anchor screw 1012. may be screwed 
into the pedicle until a pivot axis 1032 of the anchor screw 1012 is disposed generally parallel to 
the centerline spinal axis 908. In contrast, the other anchor screws 1010, 1014 may be screwed 
into their respective vertebrae until their respective pivot axes 1030, 1034 are disposed 
substantially transverse to the first pivot axis 1032, and preferably substantially perpendicular to 

1 0 the centerline spinal axis. 

Clamp assembUes 1016-1020 are selected based upon the anatomy encountered. For 
example, the clamp assembly 1016 maybe similar to the clamp assembly 52, 72 shown in FIGS. 
7 A and 8 A, and the clamp assembly 1018 maybe similar to the clamp assembly 152, 172 of 
FIGS. 9A and lOA, i.e., having a longer length than the clamp assembly 1016. Finally, the clamp 

1 5 assembly 1020 may be similar to the clamp assembly 452, 472 shown in FIGS. 9B and lOB, i.e., 
having a groove 1028a (see FIG. 12A) that extends in line with the grooves 1024a, 1026a of the 
clamp assemblies 1016, 1018. 

The lower clamp portions 101 6a- 1020a of the clamp assembhes 1016-1020 may be 
received over the noncircular regions (not shown) of the anchor screws 1010-1014, as best seen 

20 inFIG. 12A. 
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A rod 1002 maybe received in the grooves 1024a- 1028a in the lower clamp portions 
1016a-1020a, thereby extending between the anchor screws 1010-1014, as shown in FIG. 12B. If 
desired, the rod 1002 may be bent to a predetermined shape, as needed, to conform to the 
anatomy alignment encountered. Preferably, the rod 1002 is bent in only one plane, e.g., the 
5 sagetal plane, while remaining substantially straight in the coronal plane, as shown in FIG. 1 A. 
"Sagetal" plane, as used herein, refers to the plane that may be seen from a lateral view of the 
patient, e.g., that is viewed horizontally when the patient is lying face-down (such as the plane 
seen in FIGS. 1 A and IB). "Coronal" plane refers to the plane that may be seen from an anterior 
or posterior view of the patient, e.g., that is viewed vertically up the length of the spine when the 
1 0 patient is lying face-down (such as that shown in FIGS. 12A-12C). 

Optionally, if the rod 1002 includes one or more flattened regions 1004, the flattened 
region(s) 1004 may be oriented so that they may engage similar flattened regions (not shown) in 
. the rod passages 1024-1028 in the clamp assembhes 1016-1020 (e.g., in the upper clamp portions 
1016b-1020b). 

1 5 One or more of the clamp assembhes 1016-1020 may be adjusted at any time during the 

procedure. By adjusting the clamp assemblies 1016-1020, the swing bolts on the anchor screws 
1010-1014 may be pivoted about their respective pivot axes 1030-1034 with respect to the 
threaded portions that have been threaded into the vertebrae 910-930. For example, the lower 
clamp portions 1016a-1020a may be adjusted before and/or after the rod 1002 is received in the 

20 grooves 1024a- 1028a. Because the pivot axes 1030-1034 of the swing bolt anchor screws 1010- 
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1014 are substantially transverse with respect to one another, a uniaxial device (i.e., pivoting in a 
single axis) may be used to provide muUiple degrees of freedom for moving the clamp 
assemblies 1016-1020 relative to the rod 1002. This may minimize the amoimt of bending 
required of the rod 1002, preferably requiring bending in only one plane (preferably, the sagetal 
5 plane), thereby substantially maximizing the rigidity of the rod 1002. 

As shown in FIG. 12C, upper clamp portions 1016b-1020b may be placed on the. lower 
clamp portions 1016a-1020a, i.e., received on the swing bolts of the anchor screws 1010-1014. 
When properly placed, the grooves (not shown) in the upper clamp portions 101 6b- 1020b 
substantially engage the rod 1002. Fasteners, such as nuts 1022, may then by threaded onto the 
1 0 swing bolts, thereby substantially securing the rod 1002 between the upper and lower clamp 
portions 1016-1020: 

Preferably, the nuts 1022 are twelve point jam nuts. The nuts 1022 may have rounded 
upper edges, which may minimize tissue irritation, e.g., of tissue overlying the nuts 1022 after 
implantation of the system 1000. In addition, the nuts 1022 may include a crimpable rim (not 
1 5 shown), which may be crimped when the nuts are tightened to a desired torque, e.g., to prevent 
subsequent loosening of the nuts. Alternatively, hex nuts or other fasteners may be used. 

Preferably, the lower clamp portions 1016a-1020a include radiused recesses (not shown) 
on their lower surfaces that intersect bolt passages for receiving the swing bolts 1010-1014 
therein. These recesses may sHdably engage similarly radiused shoulders on screws of the swing 
20 bolts (not shown), as described above. Thus, as the angles of the swing bolts are adjusted, the 
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shoulders may pivotally slide along the surfaces of the recesses of the lower clamp portions 
1016a-1020a. Once a desired configuration is obtained, the nuts 1022 may be tightened, thereby 
causing the lower clamp portions 1016a-l020a to frictionally engage the shoulders and secure the 
swing bolts with respect to the threaded portions without substantially moving one or more of the 
5 vertebrae out of the desired position. 

If it is desired to adjust the vertebrae 910-930 with respect to one another, the nuts 1022 
may be loosened, and the vertebrae 910-930 adjusted, thereby possibly changing the angle of one 
or more of the clamp assemblies 1016-1020 holding the rod 1002. Once a desired arrangement is 
obtained, the nuts 1022 may be tightened, thereby securing the clamp assemblies 1016-1020. 

1 0 Thus, with a system in accordance with the present invention, each individual clamp assembly is 
uniaxial, i.e., may only be pivoted about a single axis. By setting the axes of the anchor screws 
substantially transverse relative to one another, substantially flexibility may be obtained without 
substantially compromising vertebra position. Because of the uniaxial nature of the clamp 
assemblies, the system may be less likely to become misaUgned when the patient resumes normal 

1 5 activity than a polyaxial system. 

Once the final configuration of the clamp assemblies 1016-1020 and/or anchor screws 
1010-1014 is determined, spacer clips 90 (not shown, see FIGS. 1 A and IB) may be placed on 
the rod 1004 between adjacent anchor screw assembhes. 

For example, tuming to FIGS. 1 A and IB, an exemplary system 8 is shown that has been 

20 implanted into vertebrae 910, 920, 930. After vertebral distraction or compression and before 
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final tightening of the nuts 18, spacer cHps 90 may be placed around and crimped to exposed 
portions of rod 86 that extends between adjacent clamp assembUes 10, 10'. 

In this exemplary system 8, two anchor screw assembhes 10 including upper clamp 
portions 16 with square side edges 84 (such as that shown in FIG. 3 A) and one anchor screw 
5 assembly 10' (such as that shown in FIG. 14) with an upper clamp portion 16' with tapered side 
edges 84' have been selected. Because of the natural curvature or lordosis defined by the 
vertebrae 910, 920, 930, the longitudinal axes 33 of adjacent anchor screws 15 may define an 
angle A relative to one another. To match this natural curvature, the rod 86 may be bent to also 
define an angle A. 

1 0 The upper clamp portion 16' may be tapered, as described above with reference to FIGS. 

15A and 15B, also to define an angle A relative to the longitudinal axis 33. With this anchor 
assembly 10' selected, the opposing side edges 84, 84' of the adjacent upper clamp portions 72, 
72' may be oriented substantially parallel to one another, as best seen in FIG. IB. The distance 
"L" between the opposing side edges 84, 84' may be measured, and an appropriate spacer clip 

1 5 90, e.g., having a length approximately "L" (or less than "L"), i.e., corresponding substantially to 
the measured distance, may be placed on the exposed portion of the rod 86 between the adjacent 
clamp assemblies 16, 16'. 

The spacer clip 90 may be crimped around the rod 86, e.g., by compressing the opposing 
edges 91 (not shown, see FIG. 2 A) of the clip 90 using a crimper tool 95 (not shown, see FIG. 

20 2B) to malleably deform the opposing edges 91 towards one another. The crimper tool 95 may 
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be sufficiently long that a substantial length of the clip 90 may be engaged therein. Alternatively, 
one or more successive portions along the length of the clip 90 may be crimped around the rod 86 
with the tool 95. This placement and crimping process may be repeated for each exposed portion 
of the rod(s) 90 extending between adjacent clamp assemblies 16, 16'. 
5 The spacer clips 90 provide axial support, e.g., once the patient retums to a vertical 

position, thereby preventing the adjacent clamp assemblies 16, 16' from moving substantially 
towards one another. Thus, the spacer clips 90 may enhance the system 8 remaining in the final 
configuration set during the procedure and minimize any slippage of the system 8 once the 
patient resumes normal activity. 

10 In a further alternative, if the sides of the upper clamp portions are not tapered, e.g., if the 

upper clamp portions include spotfaced angular recesses around the rod grooves (not shown), the 
ends of the clip(s) may be received in the recesses, thereby preventing the clip(s) from being 
dislocated from the rod once the patient assumes normal activity. For example, the patient may 
be placed under traction or the vertebrae may otherwise be distracted away from one another. 

1 5 This may provide sufficient space between the adjacent clamp assemblies to allow the spacer 

clip(s) to be placed around and/or otherwise secured to the rod(s). When distraction is removed, 
the vertebrae may return to a desired state, whereupon the spacer clip(s) substantially abut the 
adjacent clamp assemblies, thereby preventing axial movement of the clamp assemblies towards 
one another. In addition, the ends of the clip(s) may be received in the recesses in the sides of the 

20 clamp assemblies, thereby further securing the clip(s) relative to the rod. In still a further 
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alternative, the spacer clips themselves may be tapered (not shown) to extend between and abut 
adjacent clamp assemblies. 

Turning now to the preferred embodiment of Figs. 16 through 19, and the modified clamp 
assemblies of Figs. 20-21 for use therewith, the same illustrate a swing anchor screw assembly 
5 10 which is modified from the previous embodiments to provide an important multi-axial or 
selective axial assembly. The key' structural features are the provision of a cylindrical body for 
the swing bolt 14' as shown in Fig 17e without any flat wall like 38 or 42 in Fig. 5a or other flat 
area or section along with a spherical shoulder 28' on the top portion as best seen in Fig. 17a, and 
a mating spherical seat 55' in the lower clamp 52' as best seen in Figs. 18a and 18d (as versus the 

1 0 radius shoulder 28 of the early embodiments). This structure allows the shoulder or upper 

portion 28' to freely pivot in the seat 55' of the lower clamp 52' and the bolt 14' to freely rotate 
in bores 54' and 74' within both the lower clamp 52' and upper clamp 72', thereby allowing any 
compound angle to be achieved between the screw 12' and a rod 86 (Fig. 1) disposed in the 
cylindrical passageway 64' defined between the lower 52' and 72' clamps. 

1 5 The anchor screw 12' itself can be constructed like those of previous embodiments, such 

as in Figures 4a - 4b. Similarly, the construction of the head portion 24' is like previous 
embodiments such as Figure 4a-4b, except that it is spherical at 28' as described above. The 
swing bolt 14' is similar to previous embodiments except that it does not have a flat non-circular 
region such as 38 and 42 in Figs. 5a - 5c, but is completely circular. A threaded region 40' is 

20 provided opposite the loop region 36'. The swing bolt 14 also includes a circular pin hole 37' for 
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receiving a pin 44' through the head portion 24' to allow the swing bolt 14' to freely rotate with 
respect to the head portion 24'. However, the region 38' (Fig. 17e) is completely cylindrical as 
previously noted and has no non-circular cross section as in earlier embodiments such as 5a - 5c 
that would impede free rotation. 
5 The important difference in the clamp comprising the lower clamp 52' and upper clamp 

72' is that the openings 54' and 74' respectively therein for receiving the swing bolt 14' have a 
cylindrical interior to mate with the cylindrical exterior region 38' of the swing bolt 14' to 
thereby allow 360° rotation of the clamp 16' with respect to the swing bolt 14'. This is to be 
distinguished from early embodiments such as those shown in Figures 7-8 which have non- 

1 0 circular bolt passages 54, 74 to prevent rotation of the clamp assembly 16 on the spring boU 14. 
Thus, this configuration of the lower and upper clamps in Figs. 18-19 facilitates the multi-axial 
or selective axial adjustment of the clamp 16' with respect to the anchor screw 15'. Figures 20 
and 21 show alternative embodiments of the lower and upper clamp portions wherein the rod 86 
recesses are at a different angle than those of Fig. 18-19 and define an angle p similar to the 

1 5 embodiment shown in Fig. 9d. However, the clamp assembly of Figures 20-21 include 

cylindrical openings 54' and 74' to mate with the cylindrical section 38' of the swing pin 14' and 
allow unobstructed 360*^ rotation. 

While the invention is susceptible to various modifications, and altemative forms, 
specific examples thereof have been shown in the drawings and are herein described in detail. It 

20 should be understood, however, that the invention is not to be limited to the particular forms or 
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methods disclosed, but to the contrary, the invention is to cover all modifications, equivalents 
and alternatives falling within the spirit and scope of the appended claims. 
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